Callus tissues of Pisum sativum produced the phytoalexin pisatin when grown in axenic culture. Coconut milk, which was in the culture media, induced pisatin formation in pea leaf discs. Cultures which had been established for over 18 months showed a marked reduction in the ability to produce pisatin. Pisatin inhibited the growth of pea callus at low concentrations (5 to 10 ,ug./ml.), and may control callus tissue initiation and cellular necrosis during host-fungus interactions.
I N T R O D U C T I O N
The resistance of plant cells to fungal invasion appears to be explained, at least in part, by production of fungitoxic compounds following infection. Two major problems in investigating this possibility are: (i) that mechanical barriers must often be overcome by artificial means, as when storage fruits are inoculated with spore suspensions, thereby altering the metabolism of the tissue ; (ii) that the amount of infected tissue differs in resistant and susceptible reactions. Measurements obtained from extracted plant material may indicate that the concentration of fungitoxic compounds is greater in rotted tissue, where large amounts of tissue are affected, than in resistant tissue, where only a few cells are affected. Precise conclusions can be made only when the amounts of tissue affected by the invading fungus can be determined.
Tissue cultures provide large volumes of actively dividing cells growing in a controlled chemical and physiological environment, and can be exposed to fungi without prior treatment to remove mechanical barriers. Large numbers of cells can be brought into contact with the fungal inoculum, thus enabling the number of cells affected by a nonpathogen to be similar to the number affected by a pathogen.
It is not yet known whether it is valid to compare the reaction of intact plant cells with that of similar cells from tissue culture. Ingram & Robertson (1965) and Ingram (1967) showed that callus cultures from potato tubers exhibited the same R-gene resistance to Phytophthora infestans as the intact tubers from which they were derived. Robertson et al. (1968) demonstrated that this inhibition was due to phenolic acids produced after infection. However, Tomiyama et al. (1968) implicated the phytoalexin rishitin in R-gene resistance of potato tubers. Rishitin was not detected in tissue culture supernatants (Robertson etal. 1968 
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responsible for the resistance of P. sativum to nonpathogenic fungi (Cruickshank, 1963) . In the present work, callus cultures were derived from the stem and root of P. sativum, with a view to investigating the production of pisatin by these tissues after inoculation with various fungi and the relationship of this to the subsequent disease production. However, it became clear from early experiments that pisatin was produced by these cultures without infection by fungi. Because an essential feature of the original phytoalexin concept of disease resistance is that the phytoalexin is not a normal metabolic product of plant tissues, this phenomenon was investigated more closely. ; nicotinic acid, 0.5 mg. ; glycine, 3.0 mg. ; other additions : 2,4-dichlorophenoxyacetic acid, 6 mg. ; coconut milk, 150 ml.; sucrose, 20 g. ; agar, when required, 6 g.; glass distilled water to I litre. Medium 11: as for medium I, plus yeast extract, I g. The stock cultures were maintained on 30 ml. of medium solidified with agar in IOO ml. Pyrex conical flasks at 26O in a growth room illuminated with a single 40 W tungsten lamp. Experiments using liquid media were carried out in conical flasks incubated at 26" in the dark in a shaking incubator rotating at 150 rev./min.
METHODS
Media
Establishment and maintenance of tissue cultures. Pea seeds were washed in 70 % (v/v) ethanol for 5 min. and then treated with 0.1 % (w/v) mercuric chloride for 10 min.
They were rinsed in ten changes of sterile water and placed on moist cotton wool in IOO ml. conical flasks which had previously been sterilized by autoclaving at 121" for 20 min. The flasks were incubated at 15" in the dark. After 4 days the seedlings were dissected. The final + in. of the root was discarded and the next ;t in. was placed on medium I1 in order to initiate callus growth. Similar seedlings were grown for a further nine days. Segments of stem 4 in. long were obtained and placed on medium 1 in order to initiate callus growth. The callus tissues which were produced after 4 weeks were transferred to fresh media. The root callus tissues were very variable and three visually distinct clones were distinguished and established. These isolates were maintained on medium 11. The calluses produced from pea stem were more uniform, and the clone established was maintained on medium I.
The ability of several constituents of the tissue culture media to induce the formation of pisatin in intact plants was tested by floating 8 mm. leaf discs on drops of test solution maintained in plastic Petri dishes with lids lined with moist filter paper. The concentration of pisatin in the diffusates was measured after 48 hr.
Pisatin concentration was measured spectrophotometrically. The callus culture filtrates and leaf diffusates were extracted with redistilled light petroleum (B.P. 40" to 60"). The light petroleum fractions were evaporated to dryness at 40" under vacuum, the residue redissolved in absolute ethanol (5 ml.) and the extinction of the resulting solution measured between 200 and 380 nm. The concentration of pisatin was calculated from the extinction at 309 nm. (Cruickshank & Perrin, 1961) .
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Preparation and puriJication of pisatin. Drops of a culture filtrate of Penicillium expansum were placed on pea pod endocarps. The diffusates were collected after 72 hr and pisatin was obtained by extracting with light petroleum. The pod tissue was macerated in 90 % (v/v) ethanol, and after filtration the ethanol was removed under vacuum at 40" and the aqueous fraction extracted with light petroleum. The pisatincontaining fractions were bulked and the ether soluble material was chromatographed on I mm. silica gel plates developed in chloroform. A distinct band (Rp = 0-25) was detected with ceric sulphate reagent (ceric ammonium nitrate, I % (wlv) in ~-N-H,SO,) and corresponded to pisatin. This band was eluted with ether and the high purity of the pisatin obtained was confirmed by infrared and ultraviolet spectrophotometry (Bailey, 1968) . 
RESULTS
Production of pisatin by young stem callus
Callus was grown for 29 days on solid medium I. A complete callus from each flask was used as inoculum into 250 ml. Pyrex conical flasks containing 150 ml. of liquid medium I. Twelve flasks were divided into three samples each containing four replicates. The pisatin concentration in 10 ml. of supernatant removed from each replicate was measured alternatively every 6 days, i.e. one sample was assayed on days 0, 6, 12, I 8, etc. The results are shown in Table I . They demonstrate that sterile callus produced pisatin when grown in liquid medium. During the initial 8 days after the callus was transferred into liquid medium, only small traces of pisatin were detected in the supernatant. During the following 12 days pisatin was produced rapidly, and thereafter the pisatin detectable in the supernatant declined slowly.
To determine whether this production of pisatin was due to the presence of chemicals
in the nutrient medium which themselves could induce pisatin formation, various constituents of the medium were tested for ability to induce pisatin synthesis in pea leaf discs. The results are shown in Table 2 . Coconut milk induced the formation of the greatest amounts of pisatin; the remainder did not induce pisatin levels appreciably above those produced in distilled water. Pisatin production by various culture lines of Pisum sativum The four culture lines of pea callus which had been established for 18 months were tested for ability to produce pisatin in liquid media. The root cultures were grown as callus on medium I1 for 28 days; the stem culture on medium I for 28 days. The entire calluses were transferred to 100 ml. Pyrex flasks containing 40 ml. of either medium I or medium I1 and incubated for 38 days. Pisatin was produced by all the callus cultures (Table 3) ; the amounts produced by these visually distinct culture lines differed markedly. Although yeast extract stimulated tissue growth, it did not affect the yield of pisatin.
The amount of pisatin produced by a given culture tended to decrease the longer the culture had been established: the pea stem culture shown in Table 3 had previously produced over g pg. pisatin/ml. Fresh isolates were made from sections of young pea stem placed on solid medium, when callus cells formed on their surfaces. When sufficient callus tissue had been produced, the sections were divided into two equal parts; one part was transferred to fresh solid medium, the other was used to determine capacity to produce pisatin. The callus which was grown on the solid medium was Pisatin production by tissue cultures 413 divided after 35 days, and the process repeated. The decrease in pisatin production was confirmed. An average measurement of 16 flasks showed that callus which had undergone only one passage produced over 14 pg. pisatinlml. after 35 days, but after eight passages the amount produced had fallen to only 6.5 pg./ml. This decrease in pisatin production was associated with a visual change in callus type. The callus cells produced initially were slow growing and darkly pigmented ; subculturing selected a faster growing lightly pigmented strain. Pea root culture C (Table 3) , which was darkly pigmented, also produced large amounts of pisatin. The efect of pisatin on the growth of stem callus in liquid medium Pisatin was dissolved in ether, dispensed into flasks and the ether allowed to evaporate. Thirty ml. of liquid medium I was added to each flask. An additional flask containing neither pisatin nor ether was also set up. Stem callus, which had been established for 2 years and was producing less than 2.0pg. pisatin/ml. after 35 days was transferred to each flask, and measurements of growth were made after 20 days. The results (Fig. I) showed that pisatin caused a marked inhibition of callus growth at concentrations below 10-0 pg./ml. The calluses failed to fragment and were darkly pigmented, resembling newly established callus, whereas the unhibited calluses were finely divided and light brown in colour.
DISCUSSION
Pea callus cultures resembled pea leaf tissues. Callus cultures produced pisatin in axenic culture as a result of the presence of coconut milk, which, unlike most chemical agents known to induce pisatin synthesis, is non-toxic, and in fact was essential for growth of tissue cultures. After continued growth and the establishment of fastgrowing callus, the capacity of pea callus to synthesize pisatin decreased. A similar phenomenon was reported by Robertson et al. (1968) . Ingram (1967) showed that, when a suspension of potato tuber callus was infected with Phytophthora infestans
